We have used a nanostructure copper composite layer as the absorber for infrared radiation on superconductive YBCO bolometers. The Cu composite has the advantage of having little destructive effects on superconductive YBCO material and its deposition process is done at low temperature. The bolometer is made of 200nm thick YBCO film on 1mm thick LaAlO 3 and SrTiO 3 crystalline substrates, deposited using pulsed laser deposition technique. The Cu composite layers were made by decomposition of C 2 H 2 and co sputtering of Cu target in an RF system. The layer was deposited on an insulating buffer layer of diamond like carbon (DLC). The spectral absorption of the Cu composite layer was also measured through measurements of the spectral transmission and reflection of the layer on various substrates. The control of the absorption of the composite layer versus Cu composition has been achieved and presented here. In addition, optimization of the Cu component of the absorber layer for maximum increase of the response of the detectors as well as its effects on the response characteristics of the devices are presented in this paper.
Introduction
Superconductor transition-edge sensors are one of the most sensitive radiation detectors in the range of infrared to far infrared [1, 2] . One of the most effective parameters in the sensitivity of these types of detectors is their surface absorption that determines the efficiency of radiation absorption. Typical transition-edge sensors are implemented by thin layer of high-T c superconductor such as YBCO [3] . But due to weak absorption of YBCO material in the IR range [4] , these devices typically do not reach their potentially high detectivity values because a little fraction of input power is absorbed by the device when using the bare YBCO film [5] . Therefore, surface coating is essential for increasing infrared response of these devices, particularly in the micrometer wavelength range.
One of the major hinders of using absorber layers for the superconducting ETBs is due to their destructive effects on the electrical properties of the superconducting YBCO material. For example, they can cause lowering of the critical temperature T c or smoothening the transition curve. Smoothening and widening transition curve is an undesirable effect, which reduces peak value in dR/dT curves and hence reducing the IR response [6] . In this work, we introduce a novel absorber, which was coated using a low temperature process and had very little destructive effect on our bolometer device. The absorber, used in this work, is a copper-carbon nano-composite that is coated in a low temperature planar magnetron sputtering process, where we have control over the percentage of copper composition in the deposited absorber layer. As we show in this paper, the absorption coefficient of this film is strongly dependent on Cu composition, leading to the control of the absorption coefficient. Novel metals such as Cu have considerable absorption in the micrometer rang due to absorption of photons by their conduction electrons. In the absorption layer studied in this work Cu nano-particles are embedded into a diamond-like carbon (DLC) layer, which has a low absorption in micrometer range. Thus, we neglect the DLC layer absorption compared to that of Cu nano-particles and attribute total absorption of this layer associated to the Cu nano-particles.
We present the measured spectral absorption of these layers using IR-Spectroscopy method for different composition of Cu. We used these Cu-C composite layers as an absorber layer over a transition-edge superconductor bolometer and discussed the responsivity of the device before and after coating.
Experimental Results and Analyses
The transition edge sensor studied in this work was made of 200nm thick YBCO film on 1mm thick LaAlO 3 substrate, deposited using pulse laser deposition technique. The device was patterned to spiral design [7, 8] . We deposited an absorber layer over the area of the patterned YBCO thin film. The absorber, used in this work, is a 100nm copper-carbon composite that is coated in a low temperature planar magnetron sputtering process. Copper-carbon film was prepared by a capacitance coupled RF-PECVD system with 13.56MHz power supply. The reactor consists of two electrodes with different area size. Smaller electrode was a copper metallic disk with 75mm diameter as powered electrode. The other electrode with 13cm diameter was grounded via the body of the stainless steel chamber of the system. Deposition was performed on this electrode at room temperature. The chamber was evacuated to a base pressure of about 10 -5 torr prior to the deposition and then was raised to ambient pressure with controlled flow of pure acetylene gas. Deposition of the film was performed in two steps. First, a carbon layer was grown at 40W power and 0.05Torr process pressure and 30 minutes deposition time resulting in about 100nm thick layer. Then the copper-carbon layer was grown on it. For deposition of copper-carbon layer, RF power was 200W and process pressure was set at 0.025torr controlled by the gas flow. For a deposition time of 45 minutes a thickness of 100nm was obtained for the Cu-C composite film resulting in a deposition rate of about 2.2 nm/min. Copper and carbon atomic content of the film were obtained from RBS analysis. As observed in the figure, coatings may also affect the device response by smoothing the transition curve due to degradation of YBCO and so decreasing the dR/dT. This effect is not desirable as it decreases device response. The detail of this effect is reported in [6] . Two possible explanations for the near-infrared absorbance for gold nano-particles are previously reported [9] . Similar views could be considered for copper nano-particles, and hence the absorbance of Cu-C composite may be attributed to core/shell nano-particles and copper nano-particles aggregates. Because no peak is observed in the studied range of wavelengths, it might be concluded that the later mechanism is not dominant in this range or the particle size are far from the needed range for this observation at the studied range. Otherwise, there were some peaks at plasmon modes of nano-particle systems, which could be observed here. In addition, we observed that the absorbance is relatively linearly related to the Cu content. However, increment of Cu content could be occurred in two different ways. By increase the amount of Cu nano-particles, or the size of them, where both of these mechanisms change the plasmon modes and therefore the dependence of absorbance cannot be a linear function of Cu content in all over the wavelength range. Our results suggest that it was either nano-shells or copper nano-particles aggregates that produced the optical absorbance spectrum. Because increasing both the amount of nano-shells and nanoparticles aggregates could increase the absorbance as that for our absorbers in the studied range, which is under further investigation. However, if we also consider that the size of nano-particles remains constant when the copper content is increased, then the linearity part of the behavior of the absorbance could be attributed to core/shell nano-particles.
Theoretical Discussions

Conclusion
In this work, we investigated the optical properties of a new absorber in the range of micrometer wavelength. By using this composite, we are able to control the amount of absorption by changing the Cu content in the absorber layer. This layer shows relatively high absorption at very thin as 100nm thicknesses compared with common absorber layers, which have thicknesses of order of micrometers [10] . The measured IR spectroscopy data prove that the absorption coefficient of this layer is almost a linear function of Cu content.
